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ABSTRACT 

Two studies attempted to clarify the Intellectual 
Tasks test assessment of number conservation by testing for twc 
possible artifacts due to procedure: (1) Effects of preceding 
questions on the following test questions, and (2) operations or 
manipulations of the test materials by the examiner. Forty 
Mexican-American first and second graders were divided into four 
experimental groups, receiving (1) the original test procedure, (2) 
control for order (asking final test questions first) but not 
manipulation, (3) control for manipulation (different sets of 
objects, glued down) but not order, and (4) controls for both 
possible artifacts. It was predicted that the control procedures 
would lead to a greater number of conservers, particularly on Test 1 
(7 items) as opposed to Test 2 (15 items). Results were unclear, but 
did not support the predictions. Two research problems were 
identified; (1) Subjects* motivation and (2) their ability to count. 
A second study tested 2U Mexican-American and Black first and second 
graders from a classroom operating on a token-economy basis. A 
significantly higher percentage of these children could count and 
conserve on the 15-item task. Discussion focuses on the inportance of 
motivational variables in human learning research with disadvantaged 
children. (DP) 
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A TL\ST FOR ARTIFACTS IN Thli: »'CONSKRVATION OF QUANTITY" 
SEC/f'ION OF ^n-IE INTELLECTUAL TASKS TEST 

Joseph Pattcirson, University of Ari/.ona 

Jean Pit;ct's developmental theory has several, educcitional applications. 
One application is for description oi' children's thought modes to be used on 
curricvila planning;. First the findings of tests based on the developmental 
rationale could be used to determine grade placement of instructional con- 
tent, and second, use of the developmental sequences to anticipate and 
guard against subtle, nonobvious ''misacquisilions'' which the child is likely 
to fall prey to in the learning process. Once the curriculum is planned, the 
findings aid in actual teaching with attention to the ways that children develop 
their thoughts (Flavell, 1963). 

iVIost of the standardization projects in the application of Piaget's de- 
velopmental theory seem to support his primary findings. Several studies 
are cited in John FlaveJFs summary of the theories of Piaget {Flavell, 1963). 
Vinh-Bang and Barbel Inhelder at the Institut des Sciences de I'Education of 
the University of Geneva (Vi.nh-Bang, J957, 1959) and Father Adrien Pinard 
at the University of Montreal have cione the largest studies of this lund. Many 
studies (Smedslund, I960) have shown that the development of the stages of 
concept formation are very hard to reproduce in the laboratory and that the 
concepts themselves are very difficult to teach to a child through operant 
techniques. Flavell (1963) also cites many researchers which have attempted 
to validate Piaget' s findings on number and quantity. 
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Dr. Marie tlughi.^a at th(i University of Arizona has devalopcid a test, 
fcho INTELLECTUAL TASKS, which followa the rationale of Piaget'a devel- 
opmental theory. At present, the test is being administered as a descrip- 
tive instrument in the analysis of the first grade Mexican- American chil- 
dren in the Tucson public schools. 

Accox'ding to Piaget, there is a certain age dependent development 
of the concept of number. "Conservation of Number" is a type of the 
general category of "Conservation of Quantity. " It is the ability o£ the 
child lo conceptualize a quality of an object or class of objects as being 
unchangeable by division, change of shape, or other manipulations of its 
material which change its general configuration or Gestalt. "Number" 
is discontinuous quantity which remains the same regardless of how its 
constituant parts are arranged or how the items differ from one another. 
Piaget's writings point to the inability of small children to conserve nuniber. 
According to Piaget, children do not begin to conserve number until about 
seven years of age. He says that this ability does not emerge suddenly, 
but the child passes through a transition stage during which he can conserve 
smaller number, but not larger ones, and during which simple configura- 
tions can be conserved, but not more complex configurations of items. 
During this transition stage, the child n^ay be unable to conserve number 
in many situations and yet be capable of counting to much higher numbers 
than he is asked to deal with in the test situation. Conservation of number 
is not just rote memorization of a certain number sequence nor docs 
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non-conservation mean that the child can not count the items. This concept 
dovelopniont is not a function u£ niaturation alone but is dependent upon expe- 
rience, learning, and other factors such as stimulus familiarity. One 
reason for the present testing by the Early Childhood Research and Develop- 
ment Center is the belief that the Mexican-American child in the first or 
second grade haa not had the experiences which are necessary for devcilop- 
mcnt of these concept which are of vital importctnce to his being able to 
progress in education* The Hughes group believes that the impoverished 
child will be lagging in his development of the concepts which the INTEL- 
LECTUAL TASKS test purports to meaaure. 

This experiment attempted to test for two possible artifacts due to 
procedure in the testing with the INTELLECTUAL TASKS. First, the 
effects of preceding questions on the following test questions, and second, 
the operations or maflipulations of the test materials by the tester were 
studied in the "Con ae rvation of Quantity" section of the INTELLECTUAL 
TASKS. By order of presentation, we refer to the effect of having the A 
and B questions come before the C question which actually tests the child's 
ability to conserve number. For example, in teat 1, the child haa been 
asked twice if the number of dominoes in two groups of seven are the 
same before he gets to part C. It was felt that the child might still know 
that there were the same number of dominoes in each group but attempt to 
get the "right" answer by changing the previous answers of "same" to 
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^'different. By operations, refer to the offecL of rearranging the dom- 
inoes in the presence of the child, making a point that he is paying attention, 
while not changing the actual numbers involved and asking him tliroe times 
if there are that same number of dominoes in each of the two groups. The 
question we asked whether the child actually does not conserve number 
when he answers "different" for the C question, or does he believe that by 
rearran-ying the objects, the tester is trying to get him to change his first 
answers. 

We predicted that by presenting the C questions first without pre- 
vious order of questioning or operations on the test materials by the tester 
there would be a greater number of children show conservation. Also, we 
predict<id that more subjects would conserve for test 1 which involved 
seven items than on test Z which involved fifteen items, 

METHOD 

Subjects 

Forty M-exican-Am.erican first and second grade children from, the 
Menlo Park elementary school were selected unsystematically from three 
experimental classvoon-is. Twenty-three of the subjects were from first 
grade classrooms as no attempt was made to balance the numbers from 
each grade. Most of the children were from impoverished families and 
surroundings, but we had no socio-economic rating for each subject. 



Apparatus 

One room of a three room trailer was used Cor cili parts oC tin; 
experiment. The room measures 8' by 10' and has a one-way niirror 
for observation from an adjoining room. One tester wa.s in the room 
with one subject at a time for ail parts of the testing. 

Procedure 

The forty subjects were divided unsystematically into four treat- 
ment fjroups of ten each. None of these subjects had been tested pre- 
viously with the INTELLECTUAJ- TASKS tests. The procedure for those 
groups which required the tester to operate or manipulate the dominoes was 
run exactly as is done by the testers using the INTELLECTUAL TASKS, that 
is, the dominoes were gotten out of a box and arranged on a table before 
the subject. After each question, the dominoes were arranged in the con- 
fit^uration for the next question, while keeping the child^s attention on the 
V dominoes. Those groups tested while controlling for operations were 
'"■■^i^' shown each domino arrangement on separate poster boards with the dom- 
~ inoea glued down. In order to control for the order elEcct, question C of 
4^^, test 1 was given first followed by the A and 13 questions and question C of 



test 2 was given before the A and B questions. 



The Order plus operations group (Group i) was tested with exactly 
P=H the same procedure as is used in the. INTELLECTUAL TASKS. For 

test I, question A, 14 dominoes are arranged face down in two, closed, 
parallel rows with each domino in a row corresponding exactly with each 
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domino in the other row (oiic Lo one cor rti spondonce). The subject was 
asked, "Are there the aaniu n lunbe r oL' dominoes in e«'u:h of these two 
groups?" If the answc-.r was "No, " the subject was asked, "Which group 
has the most dominoes? " Question B of test 1 was thu same as for A, 
but the domino arrangement was altered so that there were two, parallel, 
but not closed rows of dominoes with one to one correspondence. Question 
C of test 1 was the same as for A and B but the dominoes were arranged 
with the rows farther apart and with one row closed wliile the row nearest 
the tester was left open as in B, The one to one correspondence between 
each domino in the two rows was missing in this arrangement. For test 2 
a total of 30 dominoes was used with 15 in each group. Question A of test 
2 concerned two closed, 3" by 5" rectangles of 15 dominoes each. The 
subject was asked, "Are there the same number of dominoes in each of 
these two groups? " If the ai>swer was "I don't know, " he was asked, "How 
would you find out? " in an attempt to get some response. For question B 
one of the groups of dominoes was scattered within 8" by 10" limits and 
the subject was told, "Now look at these two groups of dominoes. Are 
there the same number of dominoes in these two groups? " If the answer 
was "No, "he was asked, "Which group has the most dominoes?" Question 
C was the same as B, but the scattered group of dominoes Wcis scattered 
more to within 16" by 20" limits while the other group remained closed 
as in A and B. 
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The No Orrlcr, No Operation;^ group (Group II) had bt>th order and 
operations effects controllo.cl. wSiibjccts received no preceding questions 
and the dominoes wore, not manipulaLed by the tester. The C questions 
of tests 1 and 2 were given without previous order of test questions and 
with questions A and B following. The domino arrangements were the 
same as in Group I, but wore presented in fixed arrangements on separate 
pieces of poster board. 

Group III of the Order, No operations group had the operations 
effects controlled and received the order effects alone. Subjects received 
the questions in A, B, and C order on tests 1 and 2, but operations Were 
eliminated by using the set arrangements. 

Group IV received the operations effects with the order effect 
controlled by receiving the C q\iestion first in both tests followed by 
questions A and B. The dominoes were manipulated by the tester before 
the subjects. 

RESULTS AND DISCUSSION 

In the analysis of the data, only the responses given to the C parts 
of tests 1 and 2 were considered in that those two questions were the only 
ones which tested conservation of number. An answer of "same" or con- 
servation by the subjects was given a score of 1, while "not same" mean- 
ing non-conservation was given a y.ero. As can be seen from Figure 1, 
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more svibjccta cun.sorvcd on test 2 than on t<:st i c:xcept for tho OiJcr plus 
Operations group (Group 1), contrary to our predictions. No significant 
differences were found b(!tween the two tests when a 't' test was run. The 
analysis of variance of the summed test scores proved th(; operations 
effects to be significant at the five percent level and the interaction effects 
of operations and order to be significant at the one percent level. When 
't' tests were run to determine the significance of operations along be- 
tween the No Order, No Operations group (Group II) and the Operations, 
No Order (Group IV) for test 1 and test 2, no significant differences were 
found. 

From these results and inspection of Figure i, it can be seen that 
our prediction of the interaction of order and operations was upheld but 
with somewhat different implications than in the original prediction. The 
elevatic)n of test 1 which used seven dominoes and the depression of 
test 2 which used 15 dominoes might be explained in terms of Piaget's 

explanation of the development of the conservation of number during the 
transition stage. The simpler configuration with seven dominoes might 
have been conserved by the child when aided by the order and operations 
in the test while such effects would be detrimental to conservation on the 
test 2 which used a greater number of items in a more complex configura- 
tion. Complexity has been shown to lead to randozii responses in sorae 
previous studies, and in this study may have led the child to change his 
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answers on the C question. More tcstinij; will be necessary to riiake a 
differentiation betW(.;en test I and test Z. 

Our prediction of the dcjprcssing effects of order and operations 
as wc^ll as their ir,teractions was not confirmed* 

While running the experimcjnt several observations were made 
which might lead to further investigation and insight into the problems 
encountered in this study. Tliroui^h inspection of the data there was no 
apparent differences between the numbers of first and second ftrade 
children who were; able to conserve numb^ir on this test. Placet's 
writings wo\ild lead us to believe that there should be significant dif- 
ferences between first and second graders. Thirty of the subjects were 
asked to count the dominoes in the closed and scattered groups of 15 
dominoes. Only six of these were able to count both groups of 15 
correctly oven wh(jn urged to use all available moans such as hands and 
fingers. Of the 12 subjects who attempted to count with their fingers, 
only five counted both groups correctly, Tliese findings would lead us to 
hypothesize that some of thtise children are at an even more immature 
stage of development in the Piaget theoretical framework than the transi- 
tion stage where the child can count but not conserve number. This count- 
ing ability was tested in the second exp<5riment which is reported later. 

Other problems which seemed to affect the results were motivation- 
al and language and possibly some difficulty due to familiarity with the 
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testing materials. We were unable to tost two svibjocts because they would 
not respond in any ituinner. S(!veral cases indicated low motivation tcward 
corrcict answers in that no attempts were made to double-chock the answers 
the child had arrived at by co\intin^. Two subjects appeared to believe that 
the experimenter was asking thcim to guess at the number of dots on the 
down- turned faces of the dominoes even after much explanation by the 
experimenter. 

COUNTING ABILITY 

Two n^ajor problems seemed to be very important in the results 
that were obtained in the first test; first, there was motivation and second, 
the perceptuai-motor skill or aV.>iiity to covmt items correctly. The child 
must be motivated to make an attempt to get a correct answer and in order 
for that attezT\pt to be successful he must have the ability to perform the 
task. As menticmed previously, many of the subjects appeared to make 
random responses and ncj subjects were observed "double-checking" the 
responses given. 

Motivation for obtaining the corrc:ct response should improve in 
situations whc^re the child has been consistently reinforced for correct 
responses. Such motivation should also lead toward more attention by 
the child to the prciblem sitiiation and the available cues as well as 
double-checking the solution to the problem. 
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Ability to count involves structuring the configuration of items to 
be counted so that all items are counted once and no items are duplicated. 
It was my hypothesis that children enrolled in a classroom with an emphasi 
on structurcui activities would be better able to count than children from a 
less 'structured classroom. Also I predicted that children from a class- 
room with an emphasis on reward being contingent upon correct responses 
to problem sitoiations would be more motivated in their counting activities, 

METHOD 

Sub jects 

The subjects were 24 Mexican- American and Negro children from 
Davis Elementary School. There were eight first grade children and 16 
second graders enrolled in Mrs, Lowe's experimental classroom, 
Mrs. Liowe uses a token system of operant reinforcement for desired 
behavior with an emphasis on motivation and structured activities. The 
socio-economic status of the children is comparable to the children from 
the Menlo Park experimental classrooms. 

Apparatus 

An empty classroom next to Mrs. Lowe's classroom was used for 
all subjects. Testing materials were dominoes which were arranged face 
dov/n on a table before the subject or dominoes which were glued face down 
on pieces of poster board in a set arrangement. 



12 

Procedure 

Each child was asked the C question of test I first followed by the 
C question of test 2 of the "Conservation of Quantity'' section of the 
INTELLECTUAL TASKS test. Thirteen of the subjects had the dominoes 
arranged by the tester before them as is the procedure in testing with the 
INTELLECTUAL TASKS. Eleven of the subjects were shown the domino 
arrangement on the pieces of poster board. After the child had answered 
either "yes'* or "no" ai: to whether the two groups were the same in numbe 
he was asked to count the two groups of 15 dominoes in the C question of 
test 2, The child was urged to use all available means of obtaining the 
correct answer and was prompted in all cases to use his fingers. 

RESULTS 

Fourteen of the children from the Davis classroom of 24 children 
successfully counted both groups of 15 dominoes as compared to six from 
a sample of 30 from the Menlo Park classrooms. This was significant 
past'the one percent level when a 't' test was run. 

The differences between the number of children showing conser- 
vation of quantity as judged by the answers to the C questions between 
the Davis school sample and the Menlo Park sample were significant at 
the one percent Level for the groups of 1 5 dominoes, but not for the groups 
of seven dominoes. 
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In the Davis sampio., there was no sij;nificant clilfcirence in the 
number of children who svu:cessfully counted the groups of 1 5 dominoes 
when the dominoes were arrangi-d on the table or were on the poster 
board. 

There were seven children in the Davis group who showed very- 
pronounced signs of rechecking their answers and in some cases cor- 
rected their first incorrect response. As mentioned earlier, there were 
no children at Menlo Park who were observed double-checking responses. 

DISCUSSION 

Motivation is a serious problem in all human learning research 
and is an especially difficult problem when working with underprivileged 
children. Motivation has some especially subtle factors in such tests 
as the INTELi^ECTUAL TASKS and the experiments which I have conduct- 
ed. The child may be motivated enough to respond to the questions and in 
many cases will emit a large number of responses. When all responses 
on the part of the child are accepted and even promoted as is often the 
case when trying to increase the rate of responding in a classroom situ- 
ation, the value of a "correct" response may lose some of its value. 
The child may learn to come up with an answer to a question with little 
attention to its correctness. The correctness of a response must have 
relevance to the child. Striving for correct responses is indicated by 



14 



a more careful approach to the pi-oblern by the child and by double - 
checking answers. Motivation for correct responses also causes a 
child to use all tools available in order to arrive at the correct solution. 
These tools would be concepts such as conservation of quantity and 
skill at counting. 

According to Piav^et, conservation of quantity is a concept that 
is not necessarily dependent upon rote memorization of a number series 
such as verbal counting. Conservation of quantity does depend upon the 
perceptual-motor skill or ability to count items because the definition 
of conservation is number constancy regardless of item configuration 
or Gestalt. When a child attempts to count two groups of items in 
order to find out whether there are the same number in each group, he 
is showing that he has learned the concept of conservation. If the child 
has not developed the perceptual-motor skill to successfully use that 
concept, it is useless to him. 

Undoubtedly there are many children in the samples used in the 
two 'experiments that I have reported who are ruled by global qualities 
of the configurations of dominoes and who do not conserve number. On 
the other hand, there are several who have been taught the concept of 
number conservation as shown by their attempts at counting, but who 
have not been given the skill wlxich is necessary to utili/ie the concept. 
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Figure 1 




TREATMENT GROUPS 
• test 1--7 dominoes 
o test 2- - 15 dominoes ' 



